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Research Center (FRC) has recently been analyzed to determine the effects of multiple st
microbial community structure. The sample was obtained from a site (FW106) experiencing long-
term (~50 yrs) exposure to high concentrations of uranium, nitric acid and organic solvents
Analysis indicates a very low diversity community dominated by denitrifying - and f-
Furthermore, metabolic reveals adaptations for specific geochemical
parameters including: denitrification pathways; pathways for degradation of organic molecules
including 1,2-dichloroethene, acetone, butanol, methanol and formaldehyde; a large variety of heavy
metal resistance systems (czcABC, czeD, cadA, merACPT, etc.). Furthermore, many of these
adaptations appear to be the result of lateral gene transfer. Abundance profiles of FW106 compared
to all sequenced bacterial isolates show that several geochemically-relevant transporter genes,
including narK nitrate/nitrite antiporter and czcABC and czeD divalent cation efflux, have be
accumulated in the FW106 community. Comparisons of FW106 to the acid mine drainage
community metagenome reveals community-specific gene profiles (c.g. geochemical genes,
cytochromes, ete.) but also common mechanisms of adaptation, including the accumulation of
czcABC metal transporter genes. Finally, the FW106 metagenome was compared to the preliminary
(100 Mb) metagenomic sequence from pristine FRC groundwater (FW301).  In contrast to the low
s of FW106, FW301 is represented by multiple phyla (predicted 400+ species)
including a-, -, y- and & . Chloriflexi, o
In contrast to the FW 106 sample which yields large contigs, the FW301 sample is
composed largely of single reads tha semble into contigs (95%). Most of the geochemical
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Introduction of contamination results in a massive loss
of biodiversity, resulting in groundwater communities
dominated by y-, 8- and o.-proteobacterial species
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1) Exposure of ancestral FW106
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(red genes indicate mobile elements, other colors represent orthologous sets).  A)
Distribution of Mer operon genes in FW106; B) Lateral transfer of p-proteobacterial genes

-
Fig. 3. Evidence of lateral transfer of geochemical resistance genes in the FW106 community O @) O

into FW106 71; C) Lateral transfer of into FW106 1; D) Transposon insertion into L-Lys 6- LI A Uy SN S Sy
Fig. 2. Reconstructed metabolism of the dominant y-proteobacterial aminotransferase gene of FW106 71; E) Phylogeny of heavy metal responsive two component O O ) Fixation of adaptive strains throug|
spocies of the FW106 community color coded fo shov, seochemically- systems in FW106, suggesting LGT from Geobacter species (lines connect syntenous pairs); selection and possible loss of additional
relevant pathways (green, carbon metabolism: red, metal resistance: E) Lateral transfer of two acetone carboxylase operons into FW106. O O( ) O genomic diversity through selective sweeps

orange, acid resistance; blue, organic solvent resistance; brown, nitrogen
metabolism). Dotted pathways/genes indicate missing or ambiguous
pathways/genes.

Resistance to contamination is conferred by multiple specific genetic mechanisms, including
heavy metal detoxification and export, denitrification, stabilization of chemiosmotic gradient
under acidic conditions and degradation of organic contaminants. Evidence suggests that many
of these resistance mechanisms were acquired via lateral gene transfer

2 1p
irreversible loss of species and strain biodiversity at FW106
* Selective pressures imposed by stressors have resulted in rapid
adaptations to general and specific stresses (metals, acidity, organic
solvents, nitrate/nitrite)
* The community employs a heterotrophic, respiratory lifestyle
coupling denitrification to metabolism of simple and complex
carbohydrates permeating from soil
* FW106 and AMD communities show distinct abundance profiles
(cytochromes, czcD) but may share common adaptive strategies
(accumulation of czcABC genes)
¢ Preliminary comparison of FW106 and FW301 metagenomes
suggest most of the geochemically-relevant genes necessary for

Comnarativa Motananamice af EVA/I1NAR

FW106v2 vs. Al Bactera (103007) = itrogen

A) o

B) survival at the FW106 site were present in the ancestral population,
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, oo °C 5 * Quantitative analysis of geochemical resistance genes between two
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* Genomic sequencing of additional FRC isolates and metag

o Gl to test hypotheses on LGT, gene duplication, etc.
% - s e + Functional genomics analyses of FW106 and FW301 (i.e. GeoChip)
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Fig. 4. Odds ratios of FW106 gene categories (based on
geochemically-relevant COG categories) compared to: A)
all sequenced bacterial genomes (IMG database), B)
FW301. C) Odds ratios (based on COG functional groups)
for three i D) profile
of specific COG categories (geochemical resistance and
cytochromes) between FW106 and acid mine drainage
metagenomes (;-score normalized; red, most abundant;
green, least abundant). E) Abundance profiles of nitrogen
metabolism genes (based on KEGG database) for FW106
(top) and FW301 (bottom) (same color scheme as D).
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